Abstract. The Relativistic Heavy Ion Collider (RHIC) has collided, for the first time, transversely polarized proton beams at
INTRODUCTION
The long-term goal of the spin program of the STAR collaboration is to study the spin structure of the nucleon. In particular, we aim to determine directly and precisely the gluon polarization by measuring the double longitudinal spin asymmetries A LL in polarized proton-proton collisions. The double spin asymmetry, for example from inclusive jet production p · p jet ·X, is defined as:
where N i j are the spin dependent yields for different spin orientation of the beams, i j . The beam polarizations P 1´2µ from the RHIC CNI polarimeters [1] and the relative luminosities R 1 Ä Ä , R 2 Ä Ä and R 3 Ä Ä at STAR require separate measurements. The anticipated spin asymmetries A LL are of the order of a few per cent, and statistical significance is achieved if δ A LL 10 3 . The beam polarization must be measured to an accuracy of 10 1 , and the relative luminosities to 10 3 or better. The process/detector used for the luminosity measurements is required to have high rates, small background, and relatively small (A Lumi where A denotes charged particle(s) detected in the BBC, were determined using the azimuthal segmentation of the BBC.
BEAM BEAM COUNTERS
The BBC consists of scintillator annuli of small and large hexagonal tiles as shown in Fig. 1 . The counters are mounted around the beam pipe beyond the east and west poletips of the STAR magnet at 3.7 m from the interaction point. The 2¢18 arrays of small hexagonal tiles cover a full ring of 9.6 cm inner diameter and 48 cm outer diameter, corresponding to pseudorapidities in the region of 3 4 η 5 0. The acceptance of the small hexagons is about 40% of the total proton-proton cross section. The 2¢18 arrays of large hexagonal tiles span 38 cm to 193 cm in diameter, corresponding to pseudorapidities of 2 1 η 3 6. During the 2002 proton-proton running period, all small tiles and one third of the large tiles were installed. We are planning to install the remaining outer tiles for the 2003 run. 
RELATIVE LUMINOSITY MEASUREMENT
A signal from any of the 18 tiles on the east side and any of the 18 tiles on the west side of the interaction region constitutes a BBC coincidence. The number of BBC coincidences is a measure of the luminosity. The BBC coincidences were used to reject beam-gas events in physics triggers, provide a minimum bias trigger for full readout of STAR, to monitor the absolute beam luminosity Ä (15% accuracy achieved), and to measure the relative luminosities R with high precision. The BBC coincidences were summed for each bunch crossing number for each run of data taking. An example of the luminosity versus bunch crossing number is shown in Fig. 2a . During the 2002 proton-proton running period RHIC collided 55 transversely ( ) polarized proton bunches using a fixed fill pattern. Each bunch crossing can be uniquely related to the beam spin orientations. The relative luminosities were determined for each run, from Fig. 2a , are the so-called abort gaps. During these crossings, empty bunches interact with filled ones. The number of counts in the abort gap is a measure of the beam-gas background. Beam-gas background was reduced during the running period, from about 10% at the beginning to about 2% at the end. The difference between the background-corrected and background-uncorrected relative luminosity determinations was found to be a few times 10 3 . The future aim is to further reduce beam-gas background to the level of 10 4 .
SINGLE SPIN ASYMMETRIES
The BBC data allow classification of the counted occurrences by azimuth. Of the 18 inner tiles, the 4 tiles labeled 1, 7, 8, and 9 in Fig. 1 are referred to as Top, the tiles 4, 13, 14, and 15 are called Bottom. The remaining tiles are labeled Left and Right for the groups on the left and right, respectively. A hit coincidence with any of the BBC tiles on the other side of the interaction region is implied in all cases below. In an experiment with a transversely polarized beam and a left-right symmetric detector, the single spin asymmetry A N can be determined by measuring beam polarization and the asymmetry of yields,
, are the spin dependent yields from the detector on the left (N L ) and right (N R ) side of the plane spanned by the momentum and spin vectors of the polarized beam under study (Yellow or Blue at RHIC). In Eq. (2), false asymmetries due to differences in luminosity or acceptance cancel to lowest order.
At RHIC both beams are polarized, thus to measure single spin asymmetry one needs to sum over the yields for both spin orientations of one of the beams. At STAR the Yellow (Blue) beam heads towards the BBC East (West) detectors. Hence, one expects that ε Left Right BBCEast P Yellow ε Left Right BBCWest P Blue . The single spin asymmetry A N can alternatively be obtained using a method which requires the knowledge of the relative luminosities for different beam spin orientations. This method will be used for determining A LL . The measured single spin asymmetry, using the Left (Right) part of the detector and the luminosity ratios is defined as follows:
where R 3 Ä Ä , R 1 Ä Ä and R 2 Ä Ä , as are defined previously.
A detailed comparison between the two methods tests the consistency of the results as well as systematic differences associated with the methods. The scatter of the differences: ∆ 1 ε Left Right ε Left and ∆ 2 ε Left Right ε Right , by run was found to be statistical in nature, while the mean ∆ 1´2µ ¦0 00013´4µ. The mean is sensitive to the systematic uncertainty δ R in the determination of the relative luminosity R: R meas R true ·δR and thus ∆ 1´2µ δ R 2R. We conclude that systematic effects in relative luminosity measurement associated with this method are δ R 10 3 . The single spin asymmetries were calculated, run by run using Eq. (2). They were determined with (i) Left and Right (ii) Top and Bottom groups of tiles in the East and West BBC. Because of the larger acceptance asymmetries (about 50%) observed for the West BBC than for the East BBC (about 10%), the West BBC were excluded from the present analysis. In the following, only results obtained with the East BBC are presented. The average of the measured asymmetries ε Left Right by run was evaluated for each RHIC fill for which the beam polarization was measured [1] . Internally self-consistent results were obtained for each RHIC fill, showing no evidence for polarization loss to within the statistical accuracy. The data shown in Fig. 3a,b The BBC was used to (i) suppress beam-gas background, (ii) monitor the overall luminosity and (iii) measure the relative luminosities. Precise measurement of the relative luminosities is critical for the longitudinal double-spin asymmetry measurement to determine the gluon polarization. From the first proton-proton run at RHIC, the statistical uncertainty for the luminosity (run by run) is 10 3 10 4 . The systematic uncertainties on R are found to be of order 10 3 . Both uncertainties are expected to be smaller in future, higher-luminosity running periods, but additional tests will have to be carried out to gauge systematic errors from possible spin-dependence in the luminosity-monitoring reaction with longitudinal beam polarizations. The azimuthal segmentation in the BBC allowed the determination of the transverse single-spin asymmetries in p · p A ·X, where A denotes charged particle(s) detected in the BBC, for 3 4 η 5 0. The BBC East Left-Right asymmetries were found to be of order 10 3 in the forward direction, and consistent with zero in the backward direction. The Top-Bottom asymmetries were found to be consistent with zero as expected.
